Certain members of the phytotropin class of auxin transport inhibitors are shown to bind with high affinity to the known naphthylphtlamlc aid binding sites in maize (Zea mays) coleoptiles. The binding site Is, thus, a phytotropin binding site. In general, the degree of binding correlates with the phytotropin structure activity rules and with physiological activities of model compounds. It is argued that the binding site may be a receptor, and it also may be the receptor involved in the control of the auxin transport process. The possibility is raised that the binding sites may be intrinsic receptors for endoanalog(s) of the phytotropins.
Recently, a class of auxin transport inhibitors, the phytotropins, has been defined by common chemical (15) and biological properties (16) , with members of the class appearing to achieve their effects by a common mode of action (16) . The chemical requirements, as represented in Table I , are that active compounds should possess a carboxylic acid function (or one which can become available by hydrolysis) which is attached to an aromatic ring which is connected at the ortho position to a second aromatic ring. The aromatic rings may be separated by a conjugated or planar system of atoms. There is also a spatial requirement which confers high activity when the distance between the centers of the two extreme aromatic rings is at least 7.3 A. The biological properties include the ability to inhibit the polar transport of auxin, abolish the apical dominance effect, and prevent the geo-and phototropic responses.
N-l-Naphthylphthalamic acid (structure III, Table I ) has been shown to be a member of this class (16) and is known to be a potent inhibitor of auxin transport and geotropic curvature (22) . NPA' has further been shown to bind to fractions containing plasma membrane vesicles from maize coleoptiles (20, 31, 32) . These initial findings were confirmed using density gradient procedures and a wider number of markers (8, 23, 24) . Thus, the presence of an NPA binding site has been demonstrated and it has also been shown to have a relatively low affnity for the known phytohormones (31, 32) .
Drug receptors, that is, receptors for xenobiotic substances 'Abbreviations: CPD, 1 -(2-carboxyphenyl)-3-phenylpropane-1,3-dione, IV; CPP, 5-(2'-carboxyphenyl)-3-phenylpyrazole, V; DPX1840: 3,3a-dihydro-2-(4'-methoxyphenyl)-8H-pyrazolo(5-Ia) isoindol-8-one, VIII; NPA, N-(naphth-1-yl)phthalamic acid, III; PBA, 2-(1-pyrenoyl)benzoic acid, II. which achieve a physiological effect, were postulated (or at least implied) long ago In animal physiology (6, 18) , and it now would seem appropriate to extend the concept to the phytotropin area. 
MATERIALS AND METHODS
Chemicals. [2,3,4,5,3H ]-N-Naphthylphthalamic acid (16 Ci/ mmol) was obtained from CEA (Gif-sur-Yvette, France). Unlabeled NPA was prepared by the method of Meyer and Wolfsleben (21) . The iso indolones VII and VIII, CPP V and phenacylphthalide (7), CPD IV and phenacylidenephthalide VI (3, 4), 2-(1-naphthoyl) benzoic acid (11) , PBA (14) , and 2-(4-chlorophenyl)benzoic acid (10) Tables I, II, and III) .
In Vivo Assays. The assays for auxin transport activity (15), root geotropism on cress seedlings (12) , and phototropic response on cress seedlings (1 1), have been described previously.
RESULTS
Representatives of the various chemical types of phytotropins (16) The requirement for a second aromatic ring in the Ar2 portion of the molecule, together with stereospecific requirements of ortho substitution and chain length of Ar2, were examined using the chemically similar aroylbenzoic acids. The compounds used are shown in Table II . A second aromatic ring is required for phytotropin activity, and there would appear to be a similar requirement for binding activity (compare IIa with II, IV, and HIc). Chemically, Ilb and Ilc are essentially identical, yet Ilb is inactive in all assays, while Ilc elicits significant activity. We conclude that, as in phytotropin action, there may be a stereospecific requirement for binding, in that the Ar2 group cannot be para-substituted on Ar1 with respect to the carboxyl group. The effect of increasing the length of Ar2 can be seen by comparing IIb to Ile in Table II  together with II in Table I . Again, the compounds are chemically similar, and both binding affinity and activity are increased by increasing the length of Ar2. When the molecule is longer than the postulated minimum size for high activity (as in II), binding is very strong. Again, requirements for in vitro binding appear to be similar to those required for physiological activity. The results presented in Table III are also consistent with this conclusion. An increase of the chain length of Ar2 by a chlorine atom increased binding activity by 1 order of magnitude and significantly increased phytotropin action (compare IX and IXa, Table III ). Further stereochemical factors were explored by comparison of IX with IXb in Table III . The latter compound can be regarded as a bridged meta-substituted phenyl benzoic acid. It can be seen that the two compounds have similar binding affmity and auxin transport inhibiting activity, but only the ortho-substituted and conformationally mobile IX has activity in the geotropic and phototropic assays. This result appears anomalous, suggesting that further examination is needed and will require the synthesis of additional model compounds.
Similarly, the carboxyfluorenone, Ilg, also has a fixed conformation. It has a bridging ketone group, making it electronically similar to lIc, while its overall length is essentially the same as that of IX. Although its binding affmity is of the same order of magnitude as that of these latter two compounds, it is less active than IX. The possibility is, thus, raised that the phytotropins may have to be conformationally mobile to have significant physiological activity, but further research is required to confirm this point. A possible conformational requirement for inhibition of geotropism has been suggested previously (17) .
The importance of a carboxylic group for binding is shown by Table III as compared  with IV in Table I . In the first compound, the carboxyl is replaced by a hydroxyl group, while in the second, no acidic group is present. The requirements for binding again are similar to those required for biological activity. A requirement for conjugation or planarity of the Ar2 portion of the molecule is shown by comparison of Ia and VIa (Table III) with I and VI (Table I) , respectively.
Compounds VII and VIII (Table I) can also be compared. Both binding and activity of the less conjugated molecules are markedly reduced. It should be pointed out, however, that all but compound I of those used to assess the conjugation requirement are either lactones or amides rather than free acids, so that other explanations for differences in activity are possible. For example, there may be differences in hydrolysis rates of the molecules between the in vitro and in vivo assays. (Table I) . Also, there is a positive correlation between binding affinities and the structure-activity rules, such that compounds which fulfill all of the rules tend to bind strongly, while those which do not have a reduced affinity. The site, therefore, exhibits a chemical specificity as well as a stereochemical specificity, to the extent that ortho substitution and a minimum length are required for high affinity. There may be conformational requirements, also, but the question is by no means settled (17) . It is concluded that the NPA binding site exhibits specificity towards the phytotropins and can be described as a phytotropin-binding site.
The correlation between binding affinity and physiological activity exists, even though the plant species used to assess these two aspects are different. Additional evidence for the correlation is the finding that several fluoresceins (analogs of structure I) have affinities which correspond to their effect on auxin uptake in corn coleoptile tissue (30) . From this, we conclude that there is a similarity in chemical and stereochemical specificity between the binding site and the presumed receptors which give rise to physiological activity in the plant material tested.
The morphactins are also known to interact with the site (33) , and it has been shown that the phytotropin class is potentially a large one (16) (27, 35) in animal pharmacology as well as those observed for the hormonal binding of auxins (26) . Reasons (28, 31, 32) . On this evidence, the possibility was raised that the receptor may be one conformation of an auxin binding site involved in polar auxin transport (28 
